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METHODS OF TREATING
NON-OBSTRUCTIVE HYPERTROPHIC
CARDIOMYOPATHY USING MODIFIED
FORMS OF TRIMETAZIDINEL

FIELD OF THE INVENTION

The 1invention relates to methods of treatment of non-
obstructive hypertrophic cardiomyopathy.

BACKGROUND

Hypertrophic cardiomyopathy (HCM) 1s the most com-
mon inherited cardiac disease, aflecting an estimated 1 in
500 individuals. In HCM, the ventricular myocardium
becomes thickened for no apparent reason, and the septum

may be thickened as well. The course of HCM 1s highly

variable, and patients may experience shortness of breath,
angina, heart palpitations, or no symptoms at all.

Cases of HCM are categorized based on whether outflow
of blood from the left ventricle 1s obstructed. Ventricular
outtlow 1s obstructed 1n about 60-70% of HCM patients, and
the remaining HCM patients have the non-obstructive vari-
ant. Although most patients with non-obstructive HCM and
have a benign clinical course with few or no symptoms,
approximately 10% of patients develop debilitating heart
failure that 1s refractory to drug treatment. In severe cases of
non-obstructive HCM, the only treatment option 1s heart
transplantation.

Current pharmacological treatments of HCM focus on
relieving symptoms and thus are imdividualized to a given
patient. However, no drug has been shown to thwart disease
progression. Consequently, non-obstructive HCM remains a
disease that carries a risk of mortality and serious morbidity
and for which current therapies are inadequate.

SUMMARY

The invention provides methods of treating non-obstruc-
tive HCM using modified forms of trimetazidine, such as
CV-8972, which has the IUPAC name 2-[4-[(2,3,4-
trimethoxyphenyl)methyl|piperazin-1-yljethyl pyridine-3-
carboxylate and the following structure:

OCH;
)\/\N O
‘ F O\/\OJ\/\

}hco’fm“\f”# ‘ AN
~Z

H;CO

/

Modified forms of trimetazidine improve cardiac efliciency
by shifting cellular metabolism from fatty acid oxidation to
glucose oxidation. Unadulterated trimetazidine promotes the
use of glucose as a mitochondnal energy source by blocking
the activity of long-chain 3-ketoacyl-CoA thiolase, and
certain modified forms retain the inhibitory effects but have
superior pharmacokinetic properties. CV-8972 also provides
a precursor for synthesis of nicotinamide adenine dinucle-
otide (NAD™), which facilitates mitochondrial respiration to
promote mitochondrnial ATP production. Thus, CV-8972
stimulates glucose-dependent cardiac energy production via
two mdependent mechanisms. The use of modified forms of
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trimetazidine provides an alternative to existing pharmaco-
logical therapies to mitigate the eflects of non-obstructive
HCM.

In an aspect, the invention provides methods of treating
non-obstructive hypertrophic cardiomyopathy (HCM) 1n a
subject by providing to a subject having non-obstructive
HCM a compound represented by formula (X):

OCH, "
oS
‘ A K/N\/\Ok/\

}hco’fﬁxﬂf’f

‘ AN
N |

or a pharmaceutically acceptable salt thereof.

In another aspect, the invention provides methods of
treating non-obstructive hypertrophic cardiomyopathy
(HCM) 1 a subject by providing to a subject having

non-obstructive HCM a compound represented by formula
(I1X):

(IX)

OCH;
H;CO ‘ N /\ N/\‘
H,CO P K/ N\/\ OL.

or a pharmaceutically acceptable salt thereof.

The non-obstructive HCM may be associated with
another condition. The non-obstructive HCM may be asso-
ciated with angina (chest pain), atrial fibrillation, dizziness,
fainting (syncope), fatigue, heart palpitation, leg swelling,
light-headedness, shortness of breath (dyspnea), or stroke.

The compound may be provided in a pharmaceutical
composition.

The pharmaceutical composition may be provided by any
suitable route or mode of administration. The pharmaceuti-
cal composition may be administered buccally, by injection,
dermally, enterally, intraartenially, intravenously, nasally,
orally, parenterally, pulmonarily, rectally, subcutaneously,
topically, transdermally, or with or on an implantable medi-
cal device (e.g., stent or drug-eluting stent or balloon equiva-
lents).

The pharmaceutical composition may have a format suit-
able for oral administration. For example, the pharmaceuti-
cal composition may be in the form of a tablet, troche,
lozenge, aqueous suspension, oily suspension, emulsion,
hard capsule, soft capsule, or syrup.

The pharmaceutical composition may contain a mixture
of the compound and an erodible polymer that promotes
swelling of the mixture 1n an aqueous environment. The
crodible polymer may be hydroxypropyl methylcellulose
(HPMC).

The mixture may contain the compound and HPMC 1n a
defined weight ratio. The mixture may contain the com-
pound and HPMC 1n a weight ratio of about 1:5, about 1:4,
about 1:3, about 1:2, about 1:1, about 3:2, about 2:1, about
3:1, about 4:1, about 35:1, from about 1:100 to about 100:1,
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from about 1:100 to about 50:1, from about 1:100 to about
20:1, from about 1:100 to about 10:1, from about 1:100 to
about 5:1, from about 1:100 to about 2:1, from about 1:50 to
about 100:1, from about 1:50 to about 30:1, from about 1:50
to about 20:1, from about 1:50 to about 10:1, from about
1:50 to about 5:1, from about 1:50 to about 2:1, from about
1:20 to about 100:1, from about 1:20 to about 50:1, from
about 1:20 to about 20:1, from about 1:20 to about 10:1,
from about 1:20 to about 5:1, from about 1:20 to about 2:1,
from about 1:10 to about 100:1, from about 1:10 to about
50:1, from about 1:10 to about 20:1, from about 1:10 to

about 10:1, from about 1:10 to about 5:1, from about 1:10 to
about 2:1, from about 1:5 to about 100:1, from about 1:5 to
about 50:1, from about 1:5 to about 20:1, from about 1:5 to
about 10:1, from about 1:5 to about 5:1, from about 1:5 to
about 2:1, from about 1:3 to about 100:1, from about 1:3 to
about 50:1, from about 1:3 to about 20:1, from about 1:3 to
about 10:1, from about 1:3 to about 5:1, or from about 1:3

to about 2:1.

The pharmaceutical composition may be formulated as a
unit dosage containing a defined amount of the compound.
The unit dosage may contain about 5 mg, about 10 mg, about
20 mg, about 50 mg, about 100 mg, about 200 mg, about 500
mg, from about 5 mg to about 10 mg, from about 5 mg to
about 20 mg, from about 5 mg to about 50 mg, from about
5 mg to about 100 mg, from about 5 mg to about 200 mg,
from about 5 mg to about 3500 mg, from about 10 mg to
about 20 mg, from about 10 mg to about 50 mg, from about
10 mg to about 100 mg, from about 10 mg to about 200 mg,
from about 10 mg to about 500 mg, from about 20 mg to
about 50 mg, from about 20 mg to about 100 mg, from about
20 mg to about 200 mg, from about 20 mg to about 500 mg,
from about 50 mg to about 100 mg, from about 50 mg to
about 200 mg, from about 50 mg to about 500 mg, from
about 100 mg to about 200 mg, from about 100 mg to about
500 mg, or from about 200 mg to about 500 mg of the
compound.

The pharmaceutical composition may contain a specific
polymorph of the compound of formula (X). The polymorph
may be Form A, Form B, Form C, Form D, or Form E. The
pharmaceutical composition may be substantially iree of one
or more other polymorphs. The composition may include a
Form A polymorph and be substantially free of polymorphs
of Form B, Form C, Form D, and Form E.

The pharmaceutical composition may include a hydro-
chloride salt of the compound of formula (X). The pharma-
ceutical composition may 1nclude the compound of formula
(X) and the hydrochloride ion 1n a defined stoichiometric
rat1o0. The pharmaceutical composition may include the
compound and the hydrochloride 10n 1n a 1:3 stoichiometric
ratio.

The pharmaceutical composition may include a hydrated
form of the compound of formula (X). The pharmaceutical
composition may include a monohydrate form of the com-
pound. The pharmaceutical composition may include an
anhydrous form of the compound.

In another aspect, the invention provides a compound of
one of formulas (IX) and (X) for use in treatment of
non-obstructive hypertrophic cardiomyopathy (HCM).

The non-obstructive HCM may be associated with
another condition, such as any of those described above.

The compound may be provided in a pharmaceutical
composition.

The pharmaceutical composition may be provided by a
particular route of mode of administration, such as any of
those described above.
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The pharmaceutical composition may have a format suit-
able for oral administration, such as any of those described
above.

The pharmaceutical composition may contain a mixture
of the compound and an erodible polymer that promotes
swelling of the mixture in an aqueous environment. The
crodible polymer may be hydroxypropyl methylcellulose
(HPMC).

The mixture may contain the compound and HPMC 1n a
defined weight ratio, such as any of those described above.

The pharmaceutical composition may be formulated as a
unmit dosage containing a defined amount of the compound,
such as any of the amounts described above.

The pharmaceutical composition may contain a specific
polymorph of the compound of formula (X), such as any of
those described above.

The pharmaceutical composition may include a hydro-
chloride salt of the compound of formula (X). The pharma-
ceutical composition may include the compound of formula
(X) and the hydrochloride 1on in a defined stoichiometric
ratio. The pharmaceutical composition may include the
compound and the hydrochloride 10on 1n a 1:3 stoichiometric
ratio.

The pharmaceutical composition may include a hydrated
form of the compound of formula (X). The pharmaceutical
composition may include a monohydrate form of the com-
pound. The pharmaceutical composition may include an
anhydrous form of the compound.

In another aspect, the ivention provides methods of
treating obstructive hypertrophic cardiomyopathy (HCM) 1n
a subject by providing to a subject having obstructive HCM
a compound represented by formula (X):

(X)
OCH;
H;CO
\ L
H3CO/ F K/ TN ‘ AN
NP |

or a pharmaceutically acceptable salt thereof.

In another aspect, the mvention provides methods of
treating obstructive hypertrophic cardiomyopathy (HCM) 1n
a subject by providing to a subject having obstructive HCM
a compound represented by formula (IX):

(IX)

OCH;
H,CO ‘ \\v/,ﬁth,,mhw
H,CO 7 lx“»”N““f’f\“TnL

or a pharmaceutically acceptable salt thereof.
The obstructive HCM may be associated with another
condition.

The compound may be provided in a pharmaceutical
composition.
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The pharmaceutical composition may be provided by any
suitable route or mode of administration, such as any of
those described above.

The pharmaceutical composition may have a format suit-
able for oral administration, such as any of those described
above.

The pharmaceutical composition may contain a mixture
of the compound and an erodible polymer that promotes
swelling of the mixture in an aqueous environment. The

crodible polymer may be hydroxypropyl methylcellulose
(HPMC).

The mixture may contain the compound and HPMC 1n a
defined weight ratio, such as any weight ratio described
above.

The pharmaceutical composition may be formulated as a
unit dosage containing a defined amount of the compound,
such as any dosage described above.

The pharmaceutical composition may contain a specific
polymorph of the compound of formula (X). The polymorph
may be Form A, Form B, Form C, Form D, or Form E. The
pharmaceutical composition may be substantially free of one
or more other polymorphs. The composition may include a
Form A polymorph and be substantially free of polymorphs
of Form B, Form C, Form D, and Form FE.

The pharmaceutical composition may include a hydro-
chlornide salt of the compound of formula (X). The pharma-
ceutical composition may include the compound of formula
(X) and the hydrochloride 1on in a defined stoichiometric
rat1o0. The pharmaceutical composition may include the
compound and the hydrochloride 10n 1n a 1:3 stoichiometric
ratio.

The pharmaceutical composition may include a hydrated
form of the compound of formula (X). The pharmaceutical
composition may include a monohydrate form of the com-
pound. The pharmaceutical composition may include an
anhydrous form of the compound.

In another aspect, the invention provides a compound of
one of formulas (IX) and (X) for use in treatment of
obstructive hypertrophic cardiomyopathy (HCM).

The obstructive HCM may be associated with another
condition.

The compound may be provided in a pharmaceutical
composition.

The pharmaceutical composition may be provided by a
particular route of mode of administration, such as any of
those described above.

The pharmaceutical composition may have a format suit-
able for oral administration, such as any of those described
above.

The pharmaceutical composition may contain a mixture
of the compound and an erodible polymer that promotes
swelling of the mixture in an aqueous environment. The
crodible polymer may be hydroxypropyl methylcellulose
(HPMCOC).

The mixture may contain the compound and HPMC 1n a
defined weight ratio, such as any of those described above.

The pharmaceutical composition may be formulated as a
unit dosage containing a defined amount of the compound,
such as any of the amounts described above.

The pharmaceutical composition may contain a specific
polymorph of the compound of formula (X), such as any of
those described above.

The pharmaceutical composition may include a hydro-
chloride salt of the compound of formula (X). The pharma-
ceutical composition may 1nclude the compound of formula
(X) and the hydrochloride ion 1n a defined stoichiometric
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ratio. The pharmaceutical composition may include the
compound and the hydrochloride 10n 1n a 1:3 stoichiometric

ratio.

The pharmaceutical composition may 1nclude a hydrated
form of the compound of formula (X). The pharmaceutical
composition may include a monohydrate form of the com-
pound. The pharmaceutical composition may include an
anhydrous form of the compound.

DETAILED DESCRIPTION

The mvention provides methods of treating non-obstruc-
tive hypertrophic cardiomyopathy (HCM) using modified
forms of trimetazidine. Such drugs improve cardiac etli-
ciency by shifting cellular metabolism from fatty acid oxi-
dation to glucose oxidation, which 1s a more oxygen-
cilicient pathway for generating ATP. Trimetazidine
promotes the use ol glucose as a mitochondrial energy
source by blocking the activity of long-chain 3-ketoacyl-
CoA thiolase. The modified forms of trimetazidine used 1n
methods of the mvention also inhlibit thiolase but have
superior pharmacokinetic properties. In some methods of the
invention, the modified form of trimetazidine includes a
precursor for synthesis of nicotinamide adenine dinucleotide
(NAD™). NAD" further improves mitochondrial ATP pro-
duction by facilitating respiration. By forcing cardiac mito-
chondria to derive energy from glucose oxidation, the meth-
ods of the invention allow the myocardium to produce more
energy from a limited supply of oxygen.

The mvention also provides methods of treating obstruc-
tive HCM using modified forms of trimetazidine.
Non-Obstructive HCM and Existing Pharmacological
Therapies for Treatment of HCM

HCM 1s a disease 1n which the heart muscle becomes
abnormally thick, often making 1t harder for the heart to
pump blood. The extent and localization of hypertrophy are
highly variable. Nonetheless, the ventricles are usually
aflected, particularly the left ventricle, and the septum may
be enlarged as well. Thickening of the heart muscle results
in the heart being less able to pump blood eflectively and
also may cause ce¢lectrical conduction problems. Many
patients with HCM experience few, iI any, symptoms, so
HCM often goes undiagnosed. However, in a fraction of
patients, HCM causes shortness of breath, angina, and heart
palpitations, and abnormal heart rhythms due to HCM can
be life-threatening.

Hypertrophic cardiomyopathy (HCM) 1s the most com-
mon inherited cardiac disease, aflecting an estimated 1 in
500 1ndividuals. HCM 1s usually inherited 1n an autosomal
dominant manner due to a mutation 1n one of the genes
encoding proteins of the cardiac sarcomere, Z-disc, and
calcium-controlling proteins. Over 2000 different mutations
in 20 different genes have been identified 1n patients with
HCM, with mutation in the genes encoding 3-myosin heady
chain and myosin binding protein C being the most com-
mon. Approximately 50% of cases of hypertrophic cardio-
myopathy are due to sarcomeric protein mutations. HCM
may also be associated with Fabry’s disease, amyloidosis,
Danon disease, and Friederich’s ataxia.

In cases of HCM due to mutations 1n sarcomeric proteins,
the mutations result 1n increased cross cycling of myofila-
ments, which wastes energy. The energetic abnormality 1s
present before the onset of left ventricular (LV) hypertrophy,
and 1s probably causally related to the latter via increased
cystosolic calctum. Patients with non-obstructive cardio-
myopathy develop a paradoxical slowing of LV active
relaxation on exercise due to energetic impairment (active
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relaxation 1s a highly energy-dependent process), and this
slowing 1s largely responsible for the failure to increase
stroke volume on exercise. Perhexiline, a metabolic agent
that inhibits CPT 1 and CPT 2, corrects the cardiac energetic
impairment and the relaxation abnormality on exercise, °
which translates mto an improvement 1n symptoms and an
increase in peak VO2.

Among cases of HCM that are not due to known sar-

comere gene mutations, a small proportion are due to other
inherited abnormalities, e.g., mitochondrial disorders, but
many appear to be a consequence of a (polygenically
inherited) exaggerated hypertrophic response to mild hyper-
tension.

Irrespective of the etiology, LVH 1s associated with car-
diac energetic impairment due to maladaptive changes in the 1°
enzymes 1involved 1n cardiac metabolism, abnormal electron
transport chain function, and abnormal energy transier
through the creatine kinase system. Therefore, while the
ctiology of the energetic impairment differs, the conse-
quences 1n terms of exercise induced diastolic abnormalities 20
may be similar. Thus, without wishing to be bound by
theory, 1t 1s believed that metabolic agents have therapeutic
potential for HCM regardless of 1ts etiology.

Cases of HCM are categorized based on whether outflow
ol blood from the left ventricle 1s obstructed. About 60-70%
HCM cases are obstructive, and the rest are non-obstructive.
In obstructive HCM, the obstruction may be observed at rest
or on provocation (Valsalva, exercise). This obstruction
most commonly occurs 1n the left ventricular outtlow tract,
but less commonly occurs 1n the LV mid-cavity. LV outflow
tract obstruction 1s due to anterior displacement of the maitral
valve and sub-valvar apparatus during mid to late systole
(systolic anterior motion—SAM) so that 1t meets the hyper-
trophied septum, obstructing blood flow and causing high
intra-cavitary pressures. The SAM 1s a consequence of one
or more of the following factors: septal hypertrophy, ana- 35
tomical displacement (anteriorly) of the papillary muscles, a
small LV end systolic volume, and a Ventuni eflect, 1.e.,
‘sucking’” the mitral apparatus anteriorly during systole
(rather like the mechanism of aircraft lift). HCM 1s consid-
ered obstructive 1t the lett ventricular outtlow tract (LVOT) ,,
gradient 1s =30 mmHg. The majority of patients with
obstructive HCM are symptomatic (dyspnea, chest pains,
palpitations, syncope/pre syncope). The obstruction itself
appears to play a major role in the symptomatology.

Although both types of HCM were recognized as early as
the 1960’s, studies 1n the early decades focused on the
diagnosis and management of obstructive HCM due to the
availability of interventions to provoke outflow tract
obstruction. Consequently, there are effective treatments for
obstructive HCM. One treatment for obstructive HCM 1s a
combination of disopyramide and a beta blocker. These two 350
drug types, via their additive negative inotropic eflects,
increase LV end systolic volume and reduce the obstruction.
While this combination effectively reduces the gradient and
improves symptoms in a high proportion of patients, some
are 1ntolerant ot the anticholinergic eftects ot disopyramide
(dry mouth, blurred vision, urinary problems particularly in
men with prostatic enlargement, and cognitive impairment
in older patients particularly when combined with other
drugs with anti-cholinergic properties). Another treatment
for obstructive HCM 1s mavacamten, a myosin ATPase
inhibitor. It reduces myofibril cross bridge cycling. In low
doses it reduces the energy wasting associated with exces-
s1ve cross bridge cycling (which may potentially be benefi-
cial 1n non-obstructive HCM) but at higher doses 1t has a
marked negative 1notropic eflect and thereby relieves
obstruction and improves symptoms. A third treatment for 65
obstructive HCM 1s septal myectomy. This surgical proce-
dure produces excellent symptomatic benefit with low
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operative mortality and improved rates of long-term mor-
tality. Another option for treating obstructive HCM 1s alco-
hol septal ablation. This percutancous eflectively relieves
obstruction and improves symptoms, although a small pro-
portion of patients become dependent on pacemakers.

In contrast to obstructive HCM, non-obstructive HCM
has been largely overlooked as a distinct clinical condition.
Factors that have contributed to the relative neglect of
non-obstructive HCM 1nclude the difhiculty of identifying
the disease and the mildness or absence of symptoms of
most patients. Nonetheless, 10% of patients with non-
obstructive HCM develop advanced heart failure that is
refractory to drug treatment and serious enough to merit
consideration for heart transplantation.

HCM, including non-obstructive HCM, may cause, be
caused by, or otherwise be associated with, a variety of other
conditions. For example and without limitation, non-ob-
structive HCM may be associated with angina (chest pain),
atrial fibrillation, dizziness, fainting (syncope), fatigue, heart
palpitation, leg swelling, light-headedness, shortness of
breath (dyspnea), or stroke.

Current pharmacological treatments of HCM, including
non-obstructive HCM, are directed toward relief of symp-
toms. For example, HCM, 1ncluding non-obstructive HCM,
may be treated with angiotensin converting enzyme 1nhibi-
tors, such as benazepril, captopril, enalaprl, fosinoprl,
lisinopril, moexipril perindopril, quinapril, ramipril, and
trandolapril; angiotensin receptor antagonists, such as azil-
sartan, candesartan, eprosartan, irbesartan, losartan, olme-
sartan, telmisartan, and valsartan; antiarrhythmics, such as
ajmaline, amiodarone, disopyramide, dofetilide, mexiletine,
procainamide, and quinidine; beta blockers, such as acebu-
tolol, atenolol, bisoprolol, carvedilol, metoprolol, nadolol,
nebivolol, and propranolol; calcium channel blockers, such
as diltiazem, fendiline, gallopamil, and verapamil; and
diuretics, such as bumetanide, chlorthalidone, furosemide,
hydrochlorothiazide,  indapamide, metolazone, and
torasemide (torsemide). Although many of the aforemen-
tioned drugs have been used to alleviate the symptoms of
HCM, no drug has been shown to slow disease progression.

The diagnosis and treatment of HCM, including non-

obstructive HCM, are described 1n, for example, Prinz C, et

al., The diagnosis and treatment of hypertrophic cardio-
myopathy, Dtsch Arztebl Int. 2011 Apnl; 108(13):209-15,

do1: 10.3238/arztebl.2011.0209; Maron, B J, et al., Nonob-
structive Hypertrophic Cardiomyopathy Out of the Shad-

ows: Known from the Beginming but Largely Ignored . . .
Until Now, Am J Med. 2017 February; 130(2):119-123, doa:

10.1016/1.ammed.2016.09.015; and Murillo de Oliveira
Antunes and Thiago Luis Scudeler, Hypertrophic cardio-
myopathy, Int J Cardiol Heart Vasc. 2020 Mar. 25;
2°7:1003503, doi1: 10.1016/7.11cha.2020.1003503, the contents

of each of which are incorporated herein by reference.
Modified Forms of Trimetazidine
Methods of the invention include the use of modified

forms of trimetazidine. Trimetazidine has the following
structure:

NH.
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Trimetazidine 1s described as the first cytoprotective anti-
ischemic agent developed and has long been used to treat
angina.

Trimetazidine promotes glucose oxidation by inhibiting
oxidation of fatty acids. Glucose oxidation and fatty acid
oxidation are energy-producing metabolic pathways that
compete with each other for substrates. In glucose oxidation,
glucose 1s broken down to pyruvate via glycolysis in the
cytosol of the cell. Pyruvate then enters the mitochondria,
where it 1s converted to acetyl coenzyme A (acetyl-CoA). In
beta-oxidation of fatty acids, which occurs in the mitochon-
dria, two-carbon units from long-chain {fatty acids are
sequentially converted to acetyl-CoA. The remaining steps
in energy production from oxidation of glucose or fatty acids
are common to the two pathways. Briefly, they include
breakdown of acetyl-CoA to carbon dioxide via the citric
acid cycle, the concomitant generation of a proton gradient
across the mitochondrial inner membrane via a series of
oxygen-dependent electron transport reactions, and the use
of the energy potential 1n the proton gradient to drive ATP
synthesis. Trimetazidine inhibits oxidation of fatty acids by
blocking long-chain 3-ketoacyl-CoA thiolase, thus causing
cells to rely on glucose oxidation to support energy produc-
tion.

Forcing cardiac mitochondria to rely on oxidation of
glucose rather fatty acids as an energy source provides a
therapeutic benefit for many patients with cardiovascular
conditions. In certain types ol heart disease, the overall
elliciency of energy production by cardiac mitochondria 1s
diminished due 1n part to an increased reliance on fatty acid
oxidation over glucose oxidation. Glucose oxidation 1s a
more eilicient pathway for energy production, as measured
by the number of ATP molecules produced per O, molecule
consumed, than 1s fatty acid oxidation. Thus, overall cardiac
clliciency can be increased by agents that promote glucose
oxidation, such as trimetazidine.

CV-8972 was recently identified as a trimetazidine-de-

rivative having improved pharmacological properties.
CV-8972 has the IUPAC name 2-[4-[(2,3,4-trimethoxyphe-

nyl)methyl|piperazin-1-yl]ethyl pyridine-3-carboxylate and
the structure of formula (X):

(X)
OCH;
H,CO
N/\ 0O
N
L,CO K/ \/\O)J\(\
P
N/

When CV-8972 1s administered to a subject, 1t 1s mitially
broken into nicotinic acid and CV-8814, which has the

IUPAC name 2-[4-[(2,3,4-trimethoxyphenyl)methyl]piper-
azin-1-yl]ethanol and the structure of formula (IX):

(IX)
OCH,
1,CO
YO T
N
H;CO 7 k/ N Non
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CV-8814 1s a hydroxyethyl derivative of trimetazidine,
and the hydroxyethyl group 1s subsequently removed 1n the
body to provide trimetazidine. CV-8972 and its metabolic
products are described in U.S. Pat. No. 10,556,013, the
contents of which are incorporated herein by reference.

The improved therapeutic properties of CV-8972 are due
in part to the eflect of nicotinic acid. Nicotinic acid serves as
a precursor for synthesis of nicotinamide ademine dinucle-
otide (NAD™), the oxidized form of an essential coenzyme
in the mitochondrial electron transport reaction. Supplying a
NAD™ precursor ensures that mitochondrial redox reactions
occur robustly to drive ATP synthesis, regardless of whether
oxidation of glucose or fatty acids 1s used to feed the citric
acid cycle. Thus, the nicotinic acid product of CV-8972
promotes mitochondrnial respiration.

The stepwise breakdown of CV-8972 to CV-8814 and
then to trimetazidine also contributes to the improved thera-
peutic properties ol CV-8972. Like trimetazidine, CV-8814
inhibits 3-ketoacyl-CoA thiolase, so CV-8972 delivers two
different glucose-shifting active pharmaceutical ingredients
(APIs). However, CV-8814 does not produce the same
undesirable side eflects as trimetazidine. In addition, due to
the sequential metabolism of CV-8972, the level of circu-
lating trimetazidine following a dose of CV-8972 1s much
lower than the level following of comparable dose of
trimetazidine 1itself. Therefore, compared to unadulterated
trimetazidine, CV-8972 provides a more sustained level of
circulating API and fewer side eflects.

Other modified forms of trimetazidine that may be used 1n
compositions of the mvention are described 1n, for example,
U.S. Pat. Nos. 4,100,285 and 4,574,156, the contents of each
of which are incorporated herein by reference.

Modified forms of trimetazidine, such as the compounds
described above, may include one or more atoms that are
enriched for an i1sotope. For example, the compounds may
have one or more hydrogen atoms replaced with deuterrum
or tritium. Isotopic substitution or enrichment may occur at
carbon, sulfur, or phosphorus, or other atoms. The com-
pounds may be 1sotopically substituted or enriched for a
grven atom at one or more positions within the compound,
or the compounds may be 1sotopically substituted or
enriched at all instances of a given atom within the com-
pound.

Pharmaceutical Compositions

Methods of the invention may include providing a modi-
fied form of trimetazidine, such as one of the compounds
described above, in a pharmaceutical composition. The
composition may be formulated for any route or mode of
administration. For example and without limitation, the
composition may be formulated for buccal, dermal, enteral,
intraarterial, intramuscular, intraocular, intravenous, nasal,
oral, parenteral, pulmonary, rectal, subcutaneous, topical, or
transdermal administration. The composition may be for-
mulated for administration by injection or with or on an
implantable medical device (e.g., stent or drug-eluting stent
or balloon equivalents).

A pharmaceutical composition containing one or more the
compounds may be in a form suitable for oral use, for
example, as tablets, troches, lozenges, fast-melts, aqueous or
oily suspensions, dispersible powders or granules, emul-
s1ons, hard or soft capsules, syrups or elixirs. Compositions
intended for oral use may be prepared according to any
method known in the art for the manufacture of pharma-
ceutical compositions and such compositions may contain
one or more agents selected from sweetening agents, fla-
voring agents, coloring agents and preserving agents, in
order to provide pharmaceutically elegant and palatable
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preparations. Tablets contain the compounds 1n admixture
with non-toxic pharmaceutically acceptable excipients
which are suitable for the manufacture of tablets. These
excipients may be for example, inert diluents, such as
calcium carbonate, sodium carbonate, lactose, calcium phos-
phate or sodium phosphate; granulating and disintegrating,
agents, for example corn starch, or alginic acid; binding
agents, for example starch, gelatin or acacia, and lubricating
agents, for example magnesium stearate, stearic acid or talc.
The tablets may be uncoated, or they may be coated by
known techniques to delay disintegration in the stomach and
absorption lower down 1n the gastrointestinal tract and
thereby provide a sustained action over a longer period. For
example, a time delay material such as glyceryl monoste-
arate or glyceryl distearate may be employed. They may also
be coated by the techniques described i U.S. Pat. Nos.
4,256,108, 4,166,452 and 4,265,874, to form osmotic thera-

peutic tablets for control release. Preparation and adminis-
tration of compounds 1s discussed in U.S. Pat. No. 6,214,841
and U.S. Patent Publication No. 2003/0232877, incorpo-

rated by reference herein in their entirety.

Formulations for oral use may also be presented as hard

gelatin capsules in which the compounds are mixed with an
inert solid diluent, for example calctum carbonate, calcium
phosphate or kaolin, or as soit gelatin capsules 1n which the
compounds are mixed with water or an o1l medium, for
example peanut o1l, liquid parailin or olive oil.
An alternative oral formulation, where control of gastroin-
testinal tract hydrolysis of the compound 1s sought, can be
achieved using a controlled-release formulation, where a
compound of the mmvention 1s encapsulated 1n an enteric
coating.

Aqueous suspensions may contain the compounds in
admixture with excipients suitable for the manufacture of
aqueous suspensions. Such excipients are suspending
agents, for example sodium carboxymethylcellulose, meth-
ylcellulose, hydroxypropylmethylcellulose, sodium alg-
inate, polyvinylpyrrolidone, gum tragacanth and gum aca-
cia; dispersing or wetting agents such as a naturally
occurring phosphatide, for example lecithin, or condensa-
tion products of an alkylene oxide with fatty acids, for
example, polyoxyethylene stearate, or condensation prod-
ucts of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyleneoxycetanol, or condensation
products of ethylene oxide with partial esters derived from
tatty acids and a hexitol such a polyoxyethylene with partial
esters derived from fatty acids and hexitol anhydrides, for
example polyoxyethylene sorbitan monooleate. The aqueous
suspensions may also contain one or more preservatives, for
example ethyl, or n-propyl p-hydroxybenzoate, one or more
coloring agents, one or more flavoring agents, and one or
more sweetening agents, such as sucrose or saccharin.

Oily suspensions may be formulated by suspending the
compounds 1n a vegetable oil, for example, arachis oil, olive
o1l, sesame o1l or coconut oil, or in a mineral o1l such as
liquid paraflin. The oi1ly suspensions may contain a thick-
ening agent, for example beeswax, hard parathn or cetyl
alcohol. Sweetening agents such as those set forth above,
and flavoring agents may be added to provide a palatable
oral preparation. These compositions may be preserved by
the addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation
of an aqueous suspension by the addition of water provide
the compounds in admixture with a dispersing or wetting,
agent, suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending agents
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are exemplified, for example sweetening, flavoring and
coloring agents, may also be present.

Pharmaceutical compositions may also be in the form of
oil-in-water emulsions. The o1ly phase may be a vegetable
o1l, for example olive o1l or arachis oil, or a mineral o1l, for
example liquid paraflin or mixtures of these. Suitable emul-
sitying agents may be naturally-occurring gums, for
example gum acacia or gum tragacanth, naturally occurring
phosphatides, for example soya bean, lecithin, and esters or
partial esters derived from fatty acids and hexitol anhy-
drides, for example sorbitan monooleate and condensation
products of the said partial esters with ethylene oxide, for
example polyoxyethylene sorbitan monooleate. The emul-
sions may also contain sweetening and flavoring agents.

Syrups and elixirs may be formulated with sweetening
agents, such as glycerol, propylene glycol, sorbitol or
sucrose. Such formulations may also contain a demulcent, a
preservative, and agents for flavoring and/or coloring. The
pharmaceutical compositions may be 1n the form of a sterile
injectable aqueous or oleaginous suspension. This suspen-
sion may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending
agents which have been mentioned above. The sterile inject-
able preparation may also be in a sterile injectable solution
Or suspension in a non-toxic parenterally acceptable diluent
or solvent, for example as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be
employed are water, Ringer’s solution and 1sotonic sodium
chloride solution. In addition, sterile, fixed o1ls are conven-
tionally employed as a solvent or suspending medium. For
this purpose any bland fixed o1l may be employed including
synthetic mono- or di-glycerides. In addition, fatty acids
such as oleic acid find use 1n the preparation of 1njectables.

Pharmaceutical compositions may contain mixtures that
include erodible polymers that promote swelling of the
mixture in an aqueous environment. Pharmaceutical com-
positions that contain CV-8972 and one or more erodible
polymers are described 1n co-pending, co-owned Applica-
tion Nos. 63/046,115 and 63/046,117. An erodible polymer
1s any polymer that breaks down mside the body within a
physiologically relevant time frame. The erodible polymer
may have other characteristics that promote the gradual
release of the modified form of trimetazidine from the
mixture. For example and without limitation, the polymer
may be one or more of the following: biocompatible, 1.e., not
harmiul to living tissue; hydrophilic; hygroscopic; tending
to form a hydrogel.

Without wishing to be bound by theory, the polymer-
containing mixtures may promote gradual release by one or
more mechanisms. For example, swelling of the mixture by
absorption of water may facilitate diffusion of the modified
form of trimetazidine from the mixture. Degradation of the
polymer may also allow the modified form of trimetazidine
to be released from the mixture. Osmotic pressure due the
high concentration gradient of compound between the mnside
and outside of the mixture may also contribute to diffusion
of the modified form of trimetazidine from the mixture.

For example and without limitation, the polymer may be
a cellulose dernivative, a gelatin derivative, e€.g., a cross-
linked gelatin dertvative, or a polyester derivative.

Denvatives of cellulose, 1s a linear chain p(1—=4) linked
D-glucose units, include polymers that contain substitutions
on one of more of the hydroxyl groups of each glucose unit.
Substituents may be organic or morganic and are typically
attached via ester or ether linkages. Cellulose ester deriva-
tives mclude carboxymethyl cellulose (CMC), e.g., sodium
carboxymethyl cellulose, ethyl cellulose, ethyl hydroxyethyl
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cellulose, ethyl methyl cellulose, hydroxyethyl cellulose,
hydroxvyethyl methyl cellulose, hydroxypropyl cellulose
(HPC), hydroxypropyl methylcellulose (HPMC), and meth-
ylcellulose. Cellulose ether derivatives include cellulose
acetate, cellulose acetate butyrate, cellulose acetate propi-
onate, cellulose propionate, cellulose sulfate, cellulose tri-
acetate, and nitrocellulose. The use of cellulose-based poly-
mers to form biodegradable hydrogels 1s known 1n the art
and described in, for example, Sannino, et al., Biodegrad-
able Cellulose-based Hydrogels: Design and Applications,
Materials 2009, 2, 353-373; doi1:10.3390/ma2020353, the
contents of which are incorporated herein by reference.

The mixture may contain multiple polymers or multiple
polymeric forms of the same polymer. For example, HPMC
polymeric forms may differ in a variety of physical proper-
ties, including viscosity, degree of methoxyl substitution,
degree of hydroxypropoxyl substitution, or average mol-
ecule weight.

The viscosity of a HMPC polymeric form may be deter-
mined by testing under standard conditions, including the
concentration of HMPC in the solution and the temperature
of the solution. For example and without limitation, the
HPMC concentration may be 1%, 1.5%, 2%, 2.5%, or 3%.
For example and without limitation, the temperature of the
solution may be 15° C., 16° C., 17° C., 18° C., 19° C., 20°
C., 21°C, 22° C, 23° C,, 24° C,, or 25° C.

A polymeric form of a cellulose denivative, such as
HPMC, may have a defined viscosity. For example and
without limitation, a polymeric form of HPMC may have a
viscosity of from about 2 c¢P to about 4 cP, from about 4 cP
to about 6 cP, from about 5 ¢cP to about 8 cP, from about 12
cP to about 18 cP, from about 40 cP to about 60 cP, from
about 80 cP to about 120 cP, from about 300 cP to about 500
cP, from about 1200 cP to about 2400 cP, from about 2500
cP to about 5000 cP, from about 9000 cP to about 18,000 cP,
from about 12,000 cP to about 24,000 cP, from about 12,000
cP to about 24,000 cP, from about 75,000 cP to about
150,000 cP, at least about 2 cP at least about 4 cP at least
about 5 cP at least about 12 cP at least about 40 cP at least
about 80 cP at least about 300 cP at least about 1200 cP at
least about 2500 cP at least about 9000 cP at least about
12,000 cP at least about 12,000 cP at least about 75,000 cP
less than about 4 cP, less than about 6 cP, less than about 8
cP, less than about 18 cP, less than about 60 cP, less than
about 120 cP, less than about 500 cP, less than about 2400
cP, less than about 5000 cP, less than about 18,000 cP, less
than about 24,000 cP, less than about 24,000 cP, or less than
about 150,000 cP for a 2% aqueous solution of the polymeric
form at 20° C.

Polymeric forms of cellulose derivatives, such as HPMC,
may vary in their degree of substitution of the glucose units.
The degree of substitution may be expressed as a weight
percentage of the substituent or as a molar ratio of substitu-
ent to glucose unit. For a cellulose derivative that has two
different substituents, such as HPMC, the polymeric form
may be described by the degree of substitution for each
substituent.

Each polymeric form of HPMC may independently have
a defined degree of methoxyl substitution. For example and
without limitation, the degree of methoxyl substitution may
be from about 19% to about 24%, from about 22% to about
24%, from about 27% to about 30%, from about 27% to
about 30%, or from about 28% to about 32%.

Each polymeric form of HPMC may independently have
a defined degree of hydroxypropoxyl substitution. For
example and without limitation, the degree of hydroxy-
propoxyl substitution may be from about 4% to about 8%,
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from about 7% to about 10%, from about 7% to about 12%,
from about 8% to about 10%, from about 8% to about 11%,
or from about 9% to about 12%.

Each polymeric form of HPMC may independently have
a defined average molecular weight. The average molecular

weight may be about 10 kDa, about 13 kDa, about 20 kDa,
about 26 kDa, about 41 kDa, about 63 kDa, about 86 kDa,
about 110 kDa, about 120 kDa, about 140 kDa, about 180
kDa, or about 220 kDa.

When multiple forms of a polymer, such as HPMC, are
present, one or more polymeric forms may be present 1n a
defined amount. For example and without limitation, a

polymer, such as HPMC, may contain about 50%, about
60%, about 70%, about 80%, about 90%, about 95%, about

96%, about 97%, about 98%, about 99%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99%

by weight of one polymeric form.

Pharmaceutical compositions may contain a crystal form
of a modified form of trimetazidine, such as CV-8972. As
described 1n co-pending, co-owned U.S. Application No.
63/046,120, CV-8972 may exist 1n at least five polymorphic
forms: Form A, Form B, Form C, Form D, and Form E. A
pharmaceutical composition may contain one polymorph of
CV-8972 and be substantially free of one or more other
polymorphs. For example, the composition may include a
Form A polymorph and be substantially free of polymorphs
of Form B, Form C, Form D, and Form E.

A composition containing a polymorph of CV-8972 may
be substantially free of one or more other polymorphic
forms of CV-8972 i1 the composition contains the predomi-
nant polymorph at a defined level of purity. Purity may be
expressed as the amount of predominant polymorph as a
percentage of the total weight of two of more polymorphs of
CV-8972.

In certain embodiments, the total weight 1s the weight of
all polymorphs of CV-8972 1n the composition. For
example, a composition that contains the Form A polymorph
and 1s substantially free of other polymorphs may contain
Form A at a defined weight percentage of all polymorphs of
CV-8972 1n the composition. For example, the composition
may contain Form A at at least 95% by weight, at least 96%
by weight, at least 97% by weight, at least 98% by weight,
at least 99% by weight, at least 99.5% by weight, at least
99.6% by weight, at least 99.7% by weight, at least 99.8%
by weight, or at least 99.9% by weight of all polymorphs of
CV-8972 1n the composition.

In certain embodiments, the total weight 1s the weight of
selected polymorphs of CV-8972 1n the composition. For
example, a composition that contains the Form A polymorph
and 1s substantially free of the Form B polymorph may
contain Form A at a defined weight percentage of Forms A
and B. For example, the composition may contain Form A
at at least 95% by weight, at least 96% by weight, at least
97% by weight, at least 98% by weight, at least 99% by
weight, at least 99.5% by weight, at least 99.6% by weight,
at least 99.7% by weight, at least 99.8% by weight, or at least
99.9% by weight of Forms A and B of CV-8972 1n the
composition. Similarly, a composition that contains the
Form A polymorph and 1s substantially free of the Form B
and C polymorphs may contain Form A at a defined weight
percentage of Forms A, B, and C. For example, the com-
position may contain Form A at at least 95% by weight, at
least 96% by weight, at least 97% by weight, at least 98%
by weight, at least 99% by weight, at least 99.5% by weight,
at least 99.6% by weight, at least 99.7% by weight, at least
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99.8% by weight, or at least 99.9% by weight of Forms A,
B, and C of CV-8972 1n the composition.

Alternatively or additionally, a composition containing a
polymorph of CV-8972 may be substantially free of one or
more other polymorphic forms of CV-8972 if the composi-
tion contains the secondary polymorphs at levels below a
defined level. Presence of a secondary polymorphs may be
defined as the amount of one or more secondary polymorphs
as a percentage of the total weight of two of more poly-
morphs of CV-8972.

In certain embodiments, the total weight 1s the weight of
all polymorphs of CV-8972 1n the composition. For
example, a composition that contains the Form A polymorph
and 1s substantially free of other polymorphs may contain all
polymorphs other than Form A at a defined weight percent-
age of all polymorphs of CV-8972 1n the composition. For
example, the composition may contain all polymorphs other
than Form A at below 3% by weight, below 4% by weight,
below 3% by weight, below 2% by weight, below 1% by
weight, below 0.5% by weight, below 0.4% by weight,
below 0.3% by weight, below 0.2% by weight, or below
0.1% by weight of all polymorphs of CV-8972 1n the
composition.

In certain embodiments, the total weight 1s the weight of
selected polymorphs of CV-8972 1n the composition. For
example, a composition that contains the Form A polymorph
and 1s substantially free of the Form B polymorph may
contain Form B at a defined weight percentage of Forms A
and B. For example, the composition may contain Form B
at below 5% by weight, below 4% by weight, below 3% by
weight, below 2% by weight, below 1% by weight, below
0.5% by weight, below 0.4% by weight, below 0.3% by
weight, below 0.2% by weight, or below 0.1% by weight of
Forms A and B of CV-8972 in the composition. Similarly, a
composition that contains the Form A polymorph and is
substantially free of the Form B and Form C polymorphs
may contain Forms B and C at a defined weight percentage
of Forms A, B, and C. For example, the composition may
contain Forms B and C at below 5% by weight, below 4%
by weight, below 3% by weight, below 2% by weight, below
1% by weight, below 0.5% by weight, below 0.4% by
weight, below 0.3% by weight, below 0.2% by weight, or
below 0.1% by weight of Forms A, B, and C of CV-8972 1n
the composition.

The crystal may contain a salt form of CV-8972. For
example, the Form A polymorph CV-8972 1s a trihydrochlo-
ride salt. Thus, the composition may include CV-8972 and
the chloride 10on a defined stoichiometric ratio. The compo-
sition may include CV-8972 and the chloride ion 1n a 1:3
stoichiometric ratio.

The crystal may contain a hydrated form of CV-8972. For
example, the Form A polymorph CV-8972 1s a monohydrate.
Thus, the composition may include a monohydrate form of
CV-8972, such as the Form A polymorph. The composition
may include an anhydrous form of CV-8972, such as a Form
B, Form D, or Form E polymorph.

The pharmaceutical composition may be formulated as a
single unit dosage. The pharmaceutical composition may be
formulated as divided dosages.

The composition may contain a defined dose of CV-8972
or CV-8814. The dose may contain from about 10 mg to
about 2000 mg, from about 10 mg to about 1000 mg, from
about 10 mg to about 800 mg, from about 10 mg to about
600 mg, from about 10 mg to about 400 mg, from about 10
mg to about 300 mg, from about 10 mg to about 200 mg,
from about 25 mg to about 2000 mg, from about 25 mg to
about 1000 mg, from about 25 mg to about 800 mg, from
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about 25 mg to about 600 mg, from about 25 mg to about
400 mg, from about 25 mg to about 300 mg, about 25 mg to
about 200 mg, from about 50 mg to about 2000 mg, from
about 50 mg to about 1000 mg, from about 50 mg to about
800 mg, from about 50 mg to about 600 mg, from about 50
mg to about 400 mg, from about 50 mg to about 300 mg,
about 50 mg to about 200 mg, from about 100 mg to about
2000 mg, from about 100 mg to about 1000 mg, from about
100 mg to about 800 mg, from about 100 mg to about 600
mg, from about 100 mg to about 400 mg, from about 100 mg
to about 300 mg, about 100 mg to about 200 mg, from about
200 mg to about 2000 mg, from about 200 mg to about 1000
mg, from about 200 mg to about 800 mg, from about 200 mg
to about 600 mg, from about 200 mg to about 400 mg, from
about 200 mg to about 300 mg, from about 300 mg to about
2000 mg, from about 300 mg to about 1000 mg, from about
300 mg to about 800 mg, from about 300 mg to about 600
mg, or from about 300 mg to about 400 mg of CV-8972 or
CV-8814. The dose may contain about 10 mg, about 25 mg,
about 50 mg, about 100 mg, about 200 mg, about 300 mg,
or about 400 mg of CV-8972 or CV-8814.

Providing a Compound to a Subject

The mvention provides methods of treating non-obstruc-
tive HCM 1n a subject by providing a modified form of
trimetazidine, such as one of the compounds described
above. The compound may be provided by any suitable
route or mode of administration. For example and without
limitation, the compound may be provided buccally, der-
mally, enterally, intraarterially, intramuscularly, intraocu-
larly, intravenously, nasally, orally, parenterally, pulmo-
narily, rectally, subcutaneously, topically, transdermally, by
injection, or with or on an implantable medical device (e.g.,
stent or drug-eluting stent or balloon equivalents).

The modified form of trimetazidine may be provided
according to a dosing regimen. A dosing regimen may
include a dosage, a dosing frequency, or both.

Doses may be provided at any suitable interval. For
example and without limitation, doses may be provided once
per day, twice per day, three times per day, four times per
day, five times per day, s1x times per day, eight times per day,
once every 48 hours, once every 36 hours, once every 24
hours, once every 12 hours, once every 8 hours, once every
6 hours, once every 4 hours, once every 3 hours, once every
two days, once every three days, once every four days, once
every live days, once every week, twice per week, three
times per week, four times per week, or five times per week.

The dose may contain a defined amount of CV-8972 or
CV-8814 that improves cardiac mitochondrial function, such
as any of the doses described above in relation to pharma-
ceutical compositions containing CV-8972 or CV-8814.

The dose may be provided 1n a single dosage, 1.¢., the dose
may be provided as a single tablet, capsule, pill, etc. Alter-
natively, the dose may be provided in a divided dosage, 1.¢.,

the dose may be provided as multiple tablets, capsules, pills,
clc.

The dosing may continue for a defined period. For
example and without limitation, doses may be provided for
at least one week, at least two weeks, at least three weeks,
at least four weeks, at least s1x weeks, at least eight weeks,
at least ten weeks, at least twelve weeks or more.

The subject may be a human that has non-obstructive
HCM. The subject may be a pediatric, a newborn, a neonate,
an infant, a child, an adolescent, a pre-teen, a teenager, an
adult, or an elderly subject. The subject may be 1n critical
care, intensive care, neonatal intensive care, pediatric inten-
s1ve care, coronary care, cardiothoracic care, surgical inten-
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sive care, medical mtensive care, long-term intensive care,
an operating room, an ambulance, a field hospital, or an
out-of-hospital field setting.

The invention 1includes combination therapies in which a
modified form of trimetazidine 1s provided to a subject in
combination with a second agent, such as any of the drugs
described above 1n the section on HCM. The modified form
of trimetazidine and the second agent may be provided 1n a
single composition, or they may be provided in separate
compositions. The modified form of trimetazidine and the
second agent may be provided according to the same dosing
regimen, or they may be provided according to different
dosing regimens.

INCORPORATION BY R

L]
By

ERENCE

References and citations to other documents, such as
patents, patent applications, patent publications, journals,
books, papers, web contents, have been made throughout
this disclosure. All such documents are hereby 1incorporated
herein by reference in their entirety for all purposes.

EQUIVALENTS

Various modifications of the invention and many further
embodiments thereof, in addition to those shown and
described herein, will become apparent to those skilled 1n
the art from the full contents of this document, including
references to the scientific and patent literature cited herein.
The subject matter herein contains important information,
exemplification, and guidance that can be adapted to the
practice of this imvention in 1ts various embodiments and
equivalents thereof.

What 1s claimed 1s:

1. A method of treating non-obstructive hypertrophic
cardiomyopathy (HCM) 1n a subject, the method comprising
providing to a subject having non-obstructive HCM a com-
pound represented by formula (X):
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(X)
OCHj;
H;CO
N
cho/ P K/ TN ‘ AN
P

or a pharmaceutically acceptable salt thereof.

2. The method of claim 1, wherein the subject has at least
one symptom selected from the group consisting of angina,
atrial fibrillation, dizziness, fainting, fatigue, heart palpita-
tion, leg swelling, light-headedness, shortness of breath, and
stroke.

3. The method of claim 1, wherein the compound 1s
provided 1n a pharmaceutical composition.

4. The method of claim 3, wherein the pharmaceutical
composition 1s provided orally.

5. The method of claim 4, wherein the composition
comprises a format selected from the group consisting of a
tablet, troche, lozenge, aqueous suspension, oily suspension,
emulsion, hard capsule, soft capsule, and syrup.

6. The method of claim 3, wherein the pharmaceutical
composition comprises a mixture of the compound and an
crodible polymer that promotes swelling of the mixture 1n an
aqueous environment.

7. The method of claim 6, wherein the erodible polymer
1s hydroxypropyl methylcellulose (HPMC).

8. The method of claim 7, wherein the mixture comprises
the compound and HMPC in a weight ratio of from about
1:10 to about 10:1.

9. The method of claim 3, wherein the pharmaceutical
composition 1s a unit dosage comprising from about 10 mg
to about 500 mg of the compound.

10. The method of claim 3, wherein the pharmaceutical
composition comprises a crystal comprising a Form A
polymorph of the compound.

11. The method of claim 10, wherein the crystal comprises
a hydrochlonde salt of the compound.
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